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Problems and Behaviour of a Dam Founded on a Weak Zone
K.V. Rupchard
Executive Engineer/Civil, Tamil Nadu Electricity Board, Madural,
India

SYNOPSIS :
Any fault in the foundation of a dam presents a problem which has to be tackled in the
proper way considering many aspects. This paper deals with such a foundation problem faced at
Upper Aliyar Dam in South India in the shape of a weak zone. Several alternatives were thought of
for tackling the weak zone. Ultimately a simple concrete plug with cut-offs was adopted considering
the limited working season available and the fairly good i n-situ compressive strength of the weak
material. This was in preference to a raft foundation or a massive arch.
The methods adopted for tackling the problem have been elaborated. The performance of the dam
during the past more than 20 years has been quite satisfactory consi dering that no leakage or
settlement has occured after the treatment of weak zone . The conclusions reached at the end provide
significant points in the field of geotechnical engineering.
and was constructed from 1962 to 1969. This
dam is of solid gravity type and is built of
random rubble masonry totalling 280,000 m3 •
It intercepts a catchment area of 105 . km2 •
The spillway provided in the dam is designed
for a maximum flood discharge of 1540 m3 /sec.

INTRODUCTION
General
Dams to impound water and use it for generation
of electricity are the most important structures in Hydro Electric Projects. The criteria
for fixing the locations of dams are storages
required and Geological aspects. But, due to
other considerations, dams are located at
places not so ideal. Very often, numerous
foundation
problems
are
encountered while
building dams at such locations. Faults at dam
sites present the most difficult problems. This
paper deals with the foundation problem faced
at Upper Aliyar Dam in South India, the methods
adopted for tackling · the problem and the
behaviour
of
the dam after construction.

The dam was located at the present site considering the storage required and geological
aspects based on the preliminary investigations.
FOUNDATION FOR DAM
Geology
The rock types exposed in and around the dam
site are hornblende biotite gneisses and charnockites belonging to the Archaeans of South
India. The gneisses are pink in colour and
medium grained. The. foliation trend is N 60 ws 60 E, the dip being 27° in S 30° w. The rocks
are generally f resh but jointed. Cl ose fract uring is also noticed in the pink granite
gneisses of the left flank. The joint patterns
in gneisses observed at the dam sites are
as in Table 1.

The Project
The Parambikulam-Aliyar Project in South India
is a multipurpose project for development of
irrigation and power. This composite project
consists of s e veral dams, tunnels and hydroe lectri c power house s. The project works were
started in 1962 and completed in 1972. The
proje.ct
lies at about longitude 77°
and
latitude 1 0°. One of the key structures for
this complex project is the Upper Aliyar Dam.
This dam is the head-works o f the Aliyar Powe r
House ( 60 MW).

TABLE

Sl.

The Uppe r Al iyar Dam o f this proj e ct has been
inte grated with the Kadamparai Hyd r o El e ctr ic
Project under construction now. The Kadamparai
Project is a mammoth pumped hydro electric
project (400 MW) with revers i ble turbines, the
first of its kind in Asia. He nce, the Uppe r
Ali yar Dam is a very crucial component catering
to two projects.
Upper Aliyar Dam
Upper Aliyar Dam i s

300

m long,

80

No .

1.

Joint Pattern in Gneisses

Trend

Di r e ction

2.

East-West
Vertical
N 60° W - S 60° E
-do-

3.

N 10° W - S 10° E

1.

Remarks

Almost
parallel to
river course

-do-

Outcrops o f gra nite gne isses were exp osed in
t h e r i ght flank as well as in t he rive r s e ction.

m h i gh

437

The left flank was covered with soil. The
straight course along which the river flows in
the vicinity of the dam site possibly indicated
that the deep channel might lie along the
weak zone.

For easy recognition of the different types of
strata met with, the sections were indicated as
Member 1 , 2 etc. The numbering of the members
is in the descending order of their apparent
strength.
Member 1 was the strongest and
Member 4 the weakest.

Exploratory Drilling
A number of bore holes were drilled in the
river bed on the left flank. This established
the existece of a 30 m wide shear zone close to
the left flank. The trend of the shear zone is
parallel to the foliation in the gneisses. The
shear zone was more than 30 m in the middle
reaches and gradually decreased to 12-15 m on
either side. The sheared material comprised of
pink granite gneisses and pegmatite in the top
portion and schistose material at depth. It was
indicated that this reach containing weak zone
was not suitable for construction of a masonry
dam, the core recoveries from the bore holes
being poor, ranging from 0% to 15%.

Member 1 and 2 on either side of the weak zone
were sufficiently strong and solid. There was a
sub-fault inside the major fault. Member 3
represents the base of the wider fault and is
of fractured rock. Member 4 was the weakest,
consisted of crushed pegmatite and appeared to
extend very deep. The bearing capacities of
Members 3 and 4 were quite adequate to found
the dam. But the geological opinion necessitated the study of the percolation before
proceeding further.
TREATMENT

Weak Zone

Influencing Factors

The longitudinal section across the weak zone
is shown in Fig.1.

The weak zone was located in the river bed and
was excavated upto 24 m below the river bed.
The water diversion arrangements during the
work consisted of coffer dam which could be
designed only for moderate floods. Hence, during
flash floods, there was the threat of the river
water spilling over the coffer dam and inundating the entire weak zone area. Such sudden
flooding was dangerous to the safety of the men
working. In addition, such a flooding brought
forth in its wake, thousands of tonnes of
debris and slush which had to be removed all
over again after the flood subsided.
Also, Member 1 on left flank was over-hanging
by as much as 9 m at some places, threatening
to collapse due to exposure.

ORIGINAL
FOR AN

In view of all these reasons, any treatment to
be given to the weak zone had to be done with
utmost expedition. The dam area was prone to
monsoon floods and the working season was
restricted to about 6 to 8 months only in a
year. Hence the method of treatment had to be
evolved considering these restrictive factors.

MEMBER
2

4

LONGITUDINAL

SECTION.

Initial Proposals
One of the alternatives suggested was a reinforced concrete raft to spread the superimposed
load for limiting stresses to about 0. 7 t/m 2 .
But this idea was dropped considering the
actual disposition of the various members
in the weak zone.
The second alternative was to span the weak
zone with a massive reinforced concrete arch to
transfer the weight of the dam to the sides.
This
alternative was
also considered
not
suitable due to the following reasons:
a. Time required for such a treatment was more
than the working season available to avoid
flooding of the weak zone and consequent
loss of time and money.

PLAN.

W&.t.l<

b. Portion of the arch had to rest on the
jointed rock Member 3. Heavy cutting to the
extent of 5 m was required and this could
not be done by the normal method of blasting,
but only by chipping and wedging (requiring
considerable time).

:ZONE

Fig.1
UPPER ALIYAR DAM
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c. The arch would require blasting of Members 1
and 2,thereby shattering the foundation rock.
d. Even the arch would require a concrete fill
to prevent percolation.

d. Gallery

A transverse drainage gallery was p!:"ovided
in such a way that it would run along the
weak zone so that drilling of bore holes and
grouting for consolidation can be done
easily. Also, the rate of leakage (percolation) could be gauged later.
e. Shear Reinforcement

e. The materials of Members 3 and 4 were strong
in-situ requiring only confinement.
Hence, the idea of arch was dropped.

It can be seen from the Fig.1 that Members 1
and 3 were overhanging and it was difficult
to provide for the normal jagged features
required for the foundation of a dam. Hence,
there was necessity to increase the shear or
sliding resistance of the concrete over rock.
This was achieved by provision of reinforcement in many shapes and sizes covering the
surface of the weak zone members and also
properly anchoring the reinforcement mat and
propping from suitable places. The design of
reinforcement was empirical. Incidentally,
the props considerably reduced the fear of
collapse of the overhanging ledge rocks on
either side of the weak zone.
f. Grouting

Further Approach

It was found that the bearing capacity of the
weak zone Member No.4 was a significant factor
while deciding the exact course of treatment
to be given to the weak zone. Hence, loadbearing tests were conducted at site. It was
found that the weak zone Member 4 was capable
of taking a load of more than 260 t/m 2 , in-situ.
Another important factor was the permeability
of Member No.4. Field tests were conducted and
it was found that the permeability factor was
within reasonable limits and was not large
enough to cause any anxiety.
Final Decision

The block containing the weak zone was
grouted extensively. The grout curtain at
the heel of the dam consisted of 40 holes in
3 rows, 18 to 30 m .deep. The consolidation
holes from the axis to toe of dam (numbering
90) were 6 to 18 m deep. The entire grouting
operation was done extensively and meticulously after elaborate air and water tests.

After the conclusive evidence of favourable
values of bearing capacity and permeability of
Member No.4, it was decided to merely plug the
weak zone with concrete just as any other fault.
The final decision was arrived at based on the
opinion of several senior engineers. It was
considered that the mass of concrete fill can
be expected to act together as flat arch and
distribute the load properly.

PERFORMANCE

Precautions

Having decided to merely plug the weak zone
with concrete, the following precautions were
taken:
a. Construction Joints
It is the practice to provide construction
joints at about 30 m intervals to take care
of settlement etc., in dams built of random
rubble masonry.

The Upper Aliyar Dam and its various components
are being examined periodically according to a
schedule of maintenance. The observation of
leakage from drainage gallery is one of the
aspects observed. The construction joints are
also examined visually. It has been observed
that the condition of the dam is quite stable,
particularly in the weak zone area. The dam is
in service for the past 20 years and there has
been no untoward development. Hence, the treatment given to the weak zone must be considered
satisfactory and adequate.

Originally, it was decided to locate one of
the construction joints in a portion over
the weak zone.
It was considered that
it is advisable to have construction joints
on either side of the weak zone so that a
single block of masonry would rest monolithically over the weak zone and any settlement of weak zone would not affect the
adjacent blocks later. The normal spacing of
construction joints was 30 m. In this case,
this was increased to about 40 m so that a
separate block of masonry exists over the
weak zone.
b. Clay Blanket
A clay blanket for a length of about 30 m
was provided on the upstream side of the
dam in order to increase the percolation
path.
c. Cut-offs
Deep cut-offs were provided both on the
upstream and downstream side of the weak
zone. These served the twin purposes of
increasing the percolation path and also of
confining the weaker material.

It has been the practice to plug the weak zones
with mere concrete at most of the sites. This
treatment was found quite satisfactory. But, in
the instant case of Upper Aliyar Dam, the major
difference in the situations is the enormous
width of the weak zone which caused doubts
about the efficacy of treating it with mere
concrete plug, to serve as a flat arch.
DISCUSSION
Investigation

The admissible extent of investigations depends
in part on the magnitude of the project and in
part on how obvious the sub-surface conditions
are. Considering the successful treatment of
the weak zone, the investigations done at Upper
Aliyar Dam can be reckoned as adequate.
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Treatment of Faults
Creager et al. state that "most unweathered
cemented rocks possess sufficient strength to
support dams of usual height. However, special
consideration should be given to rocks in which
seams or faults and weathered or crushed zones
have resulted in separated or partly separated
foundation blocks which might move slightly as
a whole under the load of the dam.
.

clay occuring in a highly weathered zone. A
concrete plinth had to be founded on this
doubtful foundation at an acceptable depth.
Clearly, total removal of the entire weathered
stuff was not adopted.

"Narrow seams and faults frequently can be
washed out and grouted. For wide seams the
gouge, weathered or broken rock, or other
material which fills them, can be excavated
and the seams refilled with concrete".

Logani .< 1979) describes the techniques during
foundat~on treatment of the Ullurn Darn,Argentina.
The darn 67 rn high is founded on a foundation of
slaking and expansive type sedimentary rock
t~at consists of compaction type claystone and
s~ltstone, sandstone with clay and silt matrix,
and loosely cemented conglomerate. The treatment consisted of laying a concrete slab, cutoffs and grouting.

"For low dams, small areas of relatively weak
rock are sometimes left in place on the assumption that the dam will span over them. In
several cases, vertical transverse faults of
considerable size have been cleared out and
f~lled with c~mcrete for a depth only suffic~ent t? prov~de an arch to span the opening,
care be~ng taken, of course,that the excavating
or grouting extends far enough to obtain a
tight cut-off at the upstream side".

Pong Nai-Gouan (1979) has described the treatment of a broad fractured zone in the foundation
roc~
under . the concrete darn of Tanchangkou
ProJect, Ch~na. The 110 rn high darn had several
fractured zones, 20 to 30 rn wide. Part of
the weak bed rock was excavated and back-filled
with concrete to form a plug. A shallow cut-off
wall with chemical grouting curtain was adopted.
The behaviour of the darn was found normal after
being in service for several years.
Rock Parameters

Faults in Seismic Areas
While treating the subject of design of darns
for faults with reference to earth quakes,
Creager et al. state that "a darn built across
a fault on which slippage occurs may be
s~bjected to an.irnrneasurable force, and disrupt~on can be avo~ded only by providing sufficient
flexibility to absorb the motion without damage.
Darn foundation crossed by active faults should
be avoided. Paul t movement is not necessarily
confined by the fault on which the earth quake
·originates, but secondary movements may occur
on any active fault in the disturbed area. It
is not possible to insure that any prominent
fault, although apparently dead, may not be
subjected to some movement during an earth quake.
However,secondary fractures bearing no evidence
of movement in recent geological times, involve
with danger. Slight movements are not necessarily disastrous".

A revised 'state of art' paper on rock parameters has been _described by Bhawani Singh
(1985). Attention has been focussed on usefulness of quantitative rock mass classification
systems in assessing various characteristics of
rock mass eg. stand up time, modulus reduction
factor,
cohesion angle,
angle of internal
friction, allowable bearing pressure, slope of
rock cut and grout intake. Bieniawski' s and
Barton's classification systems are considered
practicable in India. However, these findings
are of recent origin and were not available at
the time when Upper Aliyar Darn was constructed.
It will be quite interesting to apply the
various norms to. the different rock masses
met with_ in the weak. zone of Upper Aliyar Darn
an~
str~ve
for the~r proper classification.
~h~s
would .constitute a separate study by
~tself. Albe~t, the treatment to be given for
weak zones will remain a speciality and cannot
be stereo typed.

The design of Upper Aliyar Darn was not made
considering any forces due to earth ~ua~es
as the region is classified as non-se~srn~c.
However, the seishes during the sudden on-rush
of waters into the reservoir during flash
floods would cause effects similar to an earth
quake but their magnitude would be quite small.

Critical Factors
It can be safely assumed that crushed rock need
not cause any worry for founding a structure
as long as it has adequate bearing capacity
and low permeability. The instant case of weak
zo~e in the Upper Aliyar Darn and the experience
ga~ned
thereon can be extrapolated to other
~ediurn and minor s~ructur~s as well.For example,
~nstances
of rneet~ng so~ls of varying degree
along the foundation of the walls of a building
are too common. Normally, it is the practice
to completely excavate such doubtful soils and
provide a uniformly deep foundation. It will be
worthwh~le to experiment by providing shallow
fou~at~ons
that would provide for proper
conf~n~rnent of the doubtful soil which might be
otherw~se
strong for founding a structure.

It is pertinent to note that it is now statutory
provide for earth quake forces also at 0.1 g
the designs of all major engineering structures in projects. Hence, the treatment of a
weak zone shall bear all these aspects in mind.
~o
~n

Interface Problems
There are several instances of the foundation
problems containing weak zones being treated as
an interface problem. Various additional factors
like. sliding resistance and stability are
cons~dered before taking a decision. But, these
expositions are all of recent origin. The
treatments have been simple.

Alternative Solutions
It would
be also worthwhile to try for
providing piles· spread over such doubtful
locations in the darn sites to take care of the

Casinader ( 1974) has described the foundation
problems faced at Sugarloaf Rockfill Darn,
Australia as consisting of several seems of
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major problems of bearing capacity. There are
several methods available for tackling the
other
problem viz.
reducing
percolation.
CONCLUSION

a. Simple concrete plugs are adequate for
treating weak zones at dam sites.
b. The in-situ bearing capacity of the weak
material is the criterion for design rather
than its unconfined compressive strength.
c. Confinement of weak material prevents percolation resulting in a foundation which is
adequate.
d. It is preferable to isolate the portion of
dam over weak zone by having construction
joints on either side.
e. It is necessary to have an observation
gallery right over the top of weak zone.
f. It is preferable to instal sensitive instruments for monitoring the performance of
the weak zone.
g. Random rubble masonry appears to be a more
reliable material for construction of dam
as it affords some sort of flexibility
during settlement etc. however minor they
may be. Solid concrete dams are more rigid.
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